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Although children’s social environment—comprising day-to-
day interactions between children and caregivers—has long 
been a focus of research on children’s development, researchers 
have only recently begun to study children’s physical environ-
ment (G. W. Evans, 2006; G. W. Evans, Gonnella, Marcynys- 
zyn, Gentile, & Salpekar, 2005). This research has shown that 
children raised in chaotic homes—characterized by noise, over-
crowding, and a lack of order—tend to score lower on tests of 
cognitive ability and self-regulatory capabilities, have poorer 
language abilities, and score higher on measures of problem 
behaviors and learned helplessness than do children raised in 
less chaotic environments (G. W. Evans et al., 2005; Hans-
combe, Haworth, Davis, Jaffee, & Plomin, 2011). These asso-
ciations have been demonstrated prospectively and controlling 
for familywide characteristics (e.g., income, maternal depres-
sion) that could potentially confound the association (Deater-
Deckard et al., 2009; Dumas et al., 2005).
Researchers have identified a number of mechanisms by 
which being raised in chaotic homes could lead to relatively 
poor cognitive and behavioral outcomes in children. Parents in 
more crowded homes are less verbally responsive with their 
children than parents in less crowded homes are, and this 
accounts for the relatively low complexity of their own speech 
and, plausibly, their children’s speech (G. W. Evans, Maxwell, 
& Hart, 1999). Children—like adults—may respond to house-
hold chaos by learning to filter out unwanted stimuli and may 
then generalize this strategy to other settings (e.g., the class-
room) in which it is less adaptive.
Although household chaos may be a cause of children’s 
poor developmental outcomes, it may also be a result of chil-
dren’s behavior. On the face of things, this seems counterintui-
tive. Household chaos was originally conceptualized as a 
measure of the physical environment, comprising background 
noise, crowding, and foot traffic in the home (Wohlwill & 
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Abstract
Chaotic home lives are correlated with behavior problems in children. In the study reported here, we tested whether there 
was a cross-lagged relation between children’s experience of chaos and their disruptive behaviors (conduct problems and 
hyperactivity-inattention). Using genetically informative models, we then tested for the first time whether the influence 
of household chaos on disruptive behavior was environmentally mediated and whether genetic influences on children’s 
disruptive behaviors accounted for the heritability of household chaos. We measured children’s perceptions of household 
chaos and parents’ ratings of children’s disruptive behavior at ages 9 and 12 in a sample of 6,286 twin pairs from the 
Twins Early Development Study (TEDS). There was a phenotypic cross-lagged relation between children’s experiences of 
household chaos and their disruptive behavior. In genetically informative models, we found that the effect of household chaos 
on subsequent disruptive behavior was environmentally mediated. However, genetic influences on disruptive behavior did 
not explain why household chaos was heritable.
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Heft, 1987). However, features of the physical and social envi-
ronment fall along a continuum, with one extreme reflecting 
inanimate, nonresponsive, background sources of stimulation 
(which are unlikely to be influenced by the child; e.g., traffic 
noise) and the other reflecting responsive, animate, and focal 
sources of stimulation, such as parental speech (which is more 
likely to be influenced by the child; Wachs, 1989). Some fea-
tures of the environment will therefore combine characteristi-
cally physical and social elements. For example, the television 
could be at high volume because a child has ignored repeated 
requests to turn it down. The decibel level in a home could be 
high because children have not heeded requests to take noisy 
play outdoors.
The Confusion, Hubbub, and Order Scale (CHAOS; 
Matheny, Wachs, Ludwig, & Phillips, 1995) is a widely used 
measure of household chaos that combines physical and social 
elements. Items include, “It’s a real zoo in our home” and 
“You can’t hear yourself think in our home”—conditions that 
could be generated by a child’s behavior. Indeed, the CHAOS 
measure captures a broad construct of chaotic living condi-
tions, characterized not only by factors such as noise and 
crowding, but also by qualities such as a lack of structure and 
routine (G. W. Evans et al., 2005). The fact that the CHAOS 
measure potentially captures effects of children on their envi-
ronment raises questions about whether household chaos is a 
cause of children’s disruptive behavior or whether disruptive 
children create or perceive chaotic environments.
Recent quantitative genetics research has shown that 
although environmental factors largely explain why some chil-
dren are more likely than others to perceive their homes as cha-
otic, genetic factors account for a significant 22% of the 
variation in these perceptions (Hanscombe, Haworth, Davis, 
Jaffee, & Plomin, 2010). But can these factors be identified? 
This would entail demonstrating that (a) some characteristic 
of the child predicts household chaos, (b) that characteristic is 
genetically influenced, and (c) genetic influences on that char-
acteristic also account for genetic variation in household chaos.
We hypothesized that children’s disruptive behavior prob-
lems (e.g., poor conduct and hyperactivity-inattention), which 
are genetically influenced traits, would partially account for 
the heritability of household chaos. Given moderately strong 
correlations between social disadvantage and disruptive 
behavior problems (Duncan & Brooks-Gunn, 1997), disrup-
tive children may experience their environments as being 
noisy, crowded, and lacking in structure. Additionally, it is 
possible that children’s disruptive behavior partly creates an 
environment that is noisy, in which it is difficult to concen-
trate, and in which children refuse to adhere to rules or rou-
tines related to television viewing, bedtimes, or mealtimes.
Results from other studies have identified parent- and 
child-driven effects in the relation between children’s disrup-
tive behaviors and aspects of the family environment, such as 
parent-child conflict (Burt, McGue, Krueger, & Iacono, 2005) 
and parental negativity (Larsson, Viding, Rijsdijk, & Plomin, 
2008). Thus, we also hypothesized that household chaos 
would have an environmentally mediated effect on children’s 
disruptive behavior.
Method
Sample
The sample was drawn from the Twins Early Development 
Study (TEDS; Oliver & Plomin, 2007). TEDS is a population-
based longitudinal study of over 10,000 pairs of twins born in 
England and Wales from 1994 to 1996. Informed consent was 
obtained from the twins’ parents at each wave of assessment. 
The present study includes data from the TEDS assessments of 
twins at ages 9 and 12. The 1994 and 1995 birth cohorts were 
tested at age 9; all three birth cohorts were tested at age 12. In 
this study, the sample comprised 6,286 pairs—2,255 monozy-
gotic (MZ) pairs, 2,051 dizygotic (DZ) same-sex pairs, and 
1,980 DZ opposite-sex pairs—for whom data were available 
on at least one measure from at least one twin in a pair. 
All available data were used in the genetic analyses, which 
were performed using full-information maximum-likelihood 
estimation.
The TEDS sample used in our study is representative of the 
general population of children ages 9 and 12 in the United 
Kingdom. For example, United Kingdom census data for fam-
ilies with children indicate that 93% of children are White, 
32% of mothers have at least one A level (Advanced Level 
General Certificate of Education exams usually taken at age 
18), and 49% of mothers and 89% of fathers are employed. For 
the entire TEDS sample, 92% are White, 35% have mothers 
with A levels, and 43% of mothers and 92% of fathers are 
employed. For the TEDS sample who participated at age 9, 
94% are White, 41% have mothers with A levels, and 46% of 
mothers and 93% of fathers are employed; for the TEDS sam-
ple who participated at age 12, 93% are White, 41% have 
mothers with A levels, and 47% of mothers and 93% of fathers 
are employed. Zygosity was assigned to the twins using a 
parent-rated instrument that yielded 95% accuracy when com-
pared with zygosity established from DNA markers (Price 
et al., 2000); if there was any uncertainty, we conducted a 
follow-up assessment with DNA marker testing.
Measures
CHAOS: Confusion, Hubbub, and Order Scale. At ages 9 
and 12, children’s perceptions of household chaos were 
assessed with a short version of the CHAOS questionnaire 
(Matheny et al., 1995). The short form of CHAOS assesses the 
level of routine, noise, and general environmental confusion 
with six items (e.g., “I have a regular bedtime routine” 
[reverse-scored], “You can’t hear yourself think in our home”). 
The children rated whether each item was “not true,” “quite 
true,” or “very true.” At age 9 (α = .58) and age 12 (α = .57), 
responses to the items were averaged, with higher scores indi-
cating more household chaos. CHAOS scores at both ages 
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were normally distributed. The correlation between child-
reported CHAOS scores at ages 9 and 12 was .43. Although 
child-specific measures were necessary to perform the present 
analyses, correlations between familywide parent reports and 
individual-specific child reports support the validity of child-
reported CHAOS scores (α = .53 and α = .55 at 9 and 12 years, 
respectively).
Disruptive behavior. Conduct problems and hyperactivity-
inattention were reported by parents when the twins were 9- 
and 12-years-old using the Strengths and Difficulties 
Questionnaire (SDQ; Goodman, 1997). The SDQ is a brief 
screening measure of children’s problem behaviors. Parents 
reported whether each of five items measuring conduct prob-
lems (e.g., “Generally obedient or usually does what adults 
request”) and five items measuring hyperactivity-inattention 
(e.g., “Easily distracted or concentration wanders”) were “not 
true,” “somewhat true,” or “definitely true” of their child. The 
SDQ subscales showed acceptable levels of internal consis-
tency at both age 9 (conduct: α = .57; hyperactivity: α = .76) 
and age 12 (conduct: α = .55; hyperactivity: α = .76). The 
moderate internal consistency for conduct problems does not 
seem to be specific to our sample: A recent article exploring 
the validity and reliability of the SDQ scale in a Dutch sample 
(N = 562, mean age = 12.3 years) found the same internal con-
sistency (α = .55) for the Conduct Problems subscale (Muris, 
Meesters, & van den Berg, 2003).
Analyses
Phenotypic analyses. To test the cross-lagged effect of 
CHAOS scores at age 9 on disruptive behavior (conduct prob-
lems or hyperactivity-inattention) at age 12, we performed an 
ordinary least squares regression of the form,
Yage 12  =  b0  +  b1Yage 9  +  b2Xage 9  +  e,
where Y represents disruptive behavior and X represents 
CHAOS scores. To test for the reverse process, we reversed 
the variable order: CHAOS scores at age 12 were regressed on 
CHAOS scores at age 9 and disruptive behavior at age 9. The 
coefficient b2 measures the cross-lagged relation between dis-
ruptive behavior and CHAOS scores; b1 measures the effect 
within trait across time; b0 is the intercept.
Classical twin design. Comparison of MZ and DZ twins pro-
vides a method for estimating the genetic and environmental 
contributions to variance within and covariance between traits 
(Plomin, DeFries, McClearn, & McGuffin, 2008; Rijsdijk & 
Sham, 2002). MZ twins are 100% identical. DZ twins are 50% 
identical, on average, for the DNA that varies in humans. 
Thus, the extent to which MZ twins are more alike than DZ 
twins on any particular trait is due to their greater genetic relat-
edness. The twin model partitions the variance of a trait, or the 
covariance between traits, into additive genetic (A), shared 
(common) environmental (C), and nonshared environmental 
(E) components (D. M. Evans, Gillespie, & Martin, 2002). 
The effect of C is to make children reared together similar on 
the trait of interest; both C and A contribute to sibling similar-
ity. E represents elements of the environment that uniquely 
affect individuals and therefore contribute to differences 
between twins. Measurement error is included in the E term.
Genetic analyses. We used Cholesky decomposition models 
implemented in the OpenMx library (Boker et al., 2011) in the 
R statistical computing environment (R Development Core 
Team, 2011) to decompose the covariance structure of the 
relation between disruptive behaviors and CHAOS scores at 
ages 9 and 12. All available data were included in the models 
using full information maximum likelihood. Figure 1 shows a 
path diagram of the Cholesky decomposition used to model 
the cross-lagged effects of a pair of traits.
In a Cholesky decomposition, each subsequent observed 
variable is regressed on the latent A, C, and E variance compo-
nents of all the previous observed variables. In Figure 1, V1 
explains the total variance in Trait 1 (i.e., A1 + C1 + E1). Traits 
2, 3, and 4 are regressed on the latent variable V1; in other 
words, the variance component V1 takes precedence in explain-
ing variance in these three measured traits. V2 then explains 
the residual variance in Trait 2 (A2 + C2 + E2), that is, variance 
not correlated with V1. V2 also has next priority in explaining 
variance in Trait 3 and Trait 4. V3 and V4 explain residual vari-
ance in Traits 3 and 4, respectively, and are uncorrelated with 
each other or with V2 and V1. The total genetic variation in 
Trait 4 is estimated by squaring and summing the genetic paths 
(a41–a44) from the A components of V (A1–A4) to Trait 4. 
Trait
2
Trait
1
Trait
4
Trait
3
V4V2 V3V1
v44v43v42v41
Fig. 1. Schematic illustrating Cholesky decomposition. Measured traits 
(Traits 1–4) are regressed on corresponding latent variables (V1–V4). V1 is 
the total variation in Trait 1 and takes precedence in explaining variance in 
Traits 2, 3, and 4. V2 is the residual variance in Trait 2 and has next priority 
in explaining variance in Traits 3 and 4. V3 is the residual variance in Trait 3 
and has next priority in explaining variance in Trait 4. V4 explains residual 
variance in Trait 4. Each measured trait is regressed on all preceding 
latent variables, and all latent variables are uncorrelated. The total 
variation in Trait 4 is estimated by squaring and summing the paths from 
V1 through V4 to Trait 4 (v41 through v44, respectively). V1 through V4 can 
be decomposed into additive genetic (A), shared environmental (C), and 
nonshared environmental (E) components. For example, the total additive 
genetic variance in Trait 4 would be explained by the squared and summed 
paths a41 through a44 from latent variables A1 through A4.
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Similarly, shared and unique environmental variation in Trait 
4 is estimated by squaring and summing the paths from all C 
and E components, respectively.
To determine whether genetic influences on disruptive 
behaviors at age 9 accounted for genetic influences on CHAOS 
at age 12 (controlling for CHAOS at age 9), we ordered the 
traits in the Cholesky decomposition so that Trait 1 was 
CHAOS scores at age 9, Trait 2 was disruptive behavior at age 
9, Trait 3 was disruptive behavior at age 12, and Trait 4 was 
CHAOS scores at age 12. The degree to which the genetic path 
between Trait 2 and Trait 4 accounted for the total genetic 
variation in CHAOS scores at age 12—a422/(a412 + a422 + 
a432 + a442)—addressed our substantive research question.
Similarly, to determine whether environmental influences 
on CHAOS scores at age 9 accounted for environmental influ-
ences on disruptive behaviors at age 12 (controlling for disrup-
tive behavior at age 9), we ordered the traits so that Trait 1 was 
disruptive behavior at age 9, Trait 2 was CHAOS scores at age 
9, Trait 3 was CHAOS scores at age 12, and Trait 4 was dis-
ruptive behavior at age 12. The full bivariate cross-lagged 
model was achieved by running the Cholesky decompositions 
with these alternative trait orderings (Luo, Haworth, & Plo-
min, 2010).
Results
Descriptive statistics
Descriptive statistics and results from analyses of variance are 
presented in Table 1. Across all measures, at both ages, there 
was no indication of substantial sex or zygosity differences: 
Main and interactive effects of sex and zygosity accounted for 
6% or less of the variance in CHAOS scores, conduct prob-
lems, or hyperactivity-inattention. Because similarity due to 
age and sex can contribute to phenotypic twin similarity and 
inflate estimates of C, the measures were corrected for the 
effects of age and sex, as is standard practice in the analysis of 
twin data (McGue & Bouchard, 1984).
Phenotypic correlations among CHAOS scores and disrup-
tive behavior are shown in Table 2. Correlations within traits 
across time were moderate for CHAOS scores (r = .45) and 
high for disruptive behaviors (conduct: r = .56; hyperactivity-
inattention: r = .66); correlations between CHAOS scores and 
disruptive behavior across trait and time were modest (rs = 
.20–.24).
Phenotypic evidence for cross-lagged effects
Standardized parameter estimates from a series of ordinary least 
squares regression analyses showed evidence of cross-lagged 
effects. Both age-9 measures were entered simultaneously. Both 
conduct problems (β = 0.07, p < .001) and hyperactivity-inatten-
tion (β = 0.08, p < .001) at age 12 were significantly predicted 
by CHAOS scores at age 9, even after controlling for the effects 
of conduct problems and hyperactivity-inattention at age 9. The 
reverse was also true: CHAOS scores at 12 were predicted by 
conduct problems (β = 0.12, p < .001) and hyperactivity (β = 
0.09, p < .001) at age 9, even after controlling for the effects of 
CHAOS scores at age 9.
Genetically sensitive analyses
We performed full sex-limitation univariate analyses on dis-
ruptive behavior and CHAOS scores at ages 9 and 12 to esti-
mate the genetic and environmental variance components 
separately for males and females. Overall, the models estimat-
ing genetic and environmental parameters separately for males 
and females did not provide a significantly better fit to the data 
than the more parsimonious scalar model did. The latter esti-
mated one value of A, C, and E for both males and females by 
Table 1. Means for the Key Variables and Results of Sex × Zygosity Analyses of Variance
ANOVA results
Score n Overall
Female  
twins Male twins
Monozygotic 
twins
Dizygotic 
twins Sex (p)
Zygosity 
(p)
Sex ×  
Zygosity 
interaction 
(p)   R2
CHAOS at age 9 3,136 4.46 (2.32) 4.31 (2.26) 4.63 (2.37) 4.44 (2.33) 4.48 (2.31) <.01 .79 .47 <.01
Conduct at age 9 3,264 1.26 (1.42) 1.10 (1.30) 1.44 (1.53) 1.27 (1.46) 1.25 (1.40) <.01 .49 .05 .02
Hyperactivity at 
age 9
3,261 3.18 (2.34) 2.74 (2.08) 3.68 (2.51) 3.27 (2.29) 3.13 (2.37) <.01 .03 .75 .04
CHAOS at age 12 5,501 4.01 (2.05) 3.91 (2.06) 4.12 (2.03) 4.01 (2.04) 4.01 (2.05) <.01 .79 .07 <.01
Conduct at age 12 5,592 1.32 (1.45) 1.21 (1.38) 1.44 (1.51) 1.30 (1.42) 1.33 (1.46) <.01 .50 .28 .01
Hyperactivity at 
age 12
5,591 2.81 (2.25) 2.30 (2.01) 3.38 (2.37) 2.82 (2.20) 2.80 (2.28) <.01 .38 .70 .06
Note: Standard deviations are given in parentheses. The statistics in this table were calculated using data from one randomly selected member of 
each twin pair. CHAOS = Confusion, Hubbub, and Order Scale (Matheny, Wachs, Ludwig, & Phillips, 1995); ANOVA = analysis of variance.
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accounting for sex differences in the phenotypic variance. 
Although sex-limitation modeling suggested a lower genetic 
(or shared environmental) correlation in opposite-sex pairs 
than in same-sex pairs for hyperactivity-inattention at age 9, 
the ACE estimates for males and females were similar and had 
overlapping confidence intervals. We explored this potential 
difference in the multivariate analyses described in the follow-
ing section. ACE estimates derived from the univariate scalar 
models showed that genetic and unique environmental factors 
accounted for significant variance in all three measures at ages 
9 and 12. Shared environmental factors accounted for signifi-
cant variance in CHAOS scores and conduct problems at ages 
9 and 12, but not in hyperactivity-inattention.
Multivariate analyses of the links between 
CHAOS scores and disruptive behavior
Because of the limited evidence of sex differences in univariate 
estimates, all multivariate analyses were conducted for males 
and females combined (with the inclusion of a scalar to account 
for differences in phenotypic variance between boys and girls). 
However, we also applied the same multivariate analyses 
to males and females separately. Conclusions drawn from the 
separated-by-sex analyses are limited because comparisons are 
made between groups (sexes) with different phenotypic vari-
ances. Nonetheless, we have noted whether the multivariate 
results changed when analyzed separately by sex.1
The salient results from our multivariate modeling of the 
cross-lagged relation between CHAOS scores and disruptive 
behavior are presented in this article. Standardized (unsquared) 
partial regression coefficients show the effect of latent genetic 
components of disruptive behavior on CHAOS scores (Fig. 2) 
and latent environmental effects of CHAOS scores on disrup-
tive behavior (Fig. 3). Tables S1 and S2 in the Supplemental 
Material available online include point estimates and 95% 
confidence intervals for all path estimates.
What explains genetic influences on CHAOS 
scores at age 12?
The total genetic variation in CHAOS scores at age 12 was 
derived by squaring and summing the path coefficients that led 
from the genetic factors (A1 through A4) to CHAOS scores at 
age 12 (Fig. 2). In the relation between conduct problems and 
CHAOS scores, the total genetic variation on CHAOS scores at 
age 12 is given by the formula 0.132 + 0.002 + 0.032 + 0.342 = 
0.1334, or 13%. Of this total genetic variation, about 13% was 
carried over from genetic influences on CHAOS scores at age 
9 (0.132/0.1334), and 87% was specific to CHAOS scores at 
age 12 years (0.342/0.1334). Less than 1% was explained by 
genetic influences on conduct problems at ages 9 and 12; these 
paths (from A2 and A3) were not statistically significant 
(i.e., 95% confidence intervals included 0). Similar to the 
results for conduct problems, results for genetic influences on 
hyperactivity-inattention at ages 9 and 12 explained a nonsig-
nificant 2% of the genetic variation in CHAOS scores at age 
12. When separated by sex, results were similar for both males 
and females and comparable with the combined analyses.
Table 2. Phenotypic (Pearson’s) Correlations and Intraclass Twin Correlations
Type of correlation and  
variable
CHAOS scores 
at age 9
Conduct at 
age 9
Hyperactivity  
at age 9
CHAOS  
scores at age 12
Conduct at  
age 12
Hyperactivity  
at age 12
Phenotypic correlationsa
 Conduct at age 9 .27 (3,109) — — — — —
 Hyperactivity at age 9 .25 (3,106) .49 (3,261) — — — —
 CHAOS scores at age 12 .45 (2,489) .23 (2,587) .20 (2,584) — — —
 Conduct at age 12 .21 (2,522) .56 (2,625) .35 (2,622) .26 (5,448) — —
 Hyperactivity at age 12 .24 (2,521) .42 (2,624) .66 (2,621) .24 (5,447) .47 (5,591) —
Intraclass correlations by sex 
and zygosity
 Monozygotic (all) .66 [.63, .69] .80 [.78, .82] .73 [.70, .76] .65 [.62, .67] .77 [.75, .79] .75 [.73, .77]
 Dizygotic (all) .52 [.49, .56] .49 [.46, .53] .15 [.11, .19] .56 [.54, .58] .49 [.46, .51] .27 [.23, .30]
 Monozygotic male .64 [.58, .69] .81 [.78, .83] .75 [.71, .78] .61 [.56, .65] .75 [.72, .78] .75 [.72, .78]
 Dizygotic male .55 [.48, .61] .52 [.45, .58] .16 [.08, .25] .57 [.52, .62] .50 [.44, .55] .24 [.18, .30]
 Monozygotic female .68 [.64, .72] .79 [.76, .81] .71 [.67, .75] .68 [.64, .71] .79 [.77, .81] .76 [.73, .78]
 Dizygotic female .56 [.50, .62] .57 [.52, .63] .15 [.07, .23] .61 [.57, .65] .55 [.50, .59] .30 [.25, .36]
 Dizygotic same sex .56 [.51, .60] .55 [.51, .59] .16 [.10, .22] .60 [.56, .62] .53 [.49, .56] .28 [.24, .32]
 Dizygotic opposite sex .49 [.44, .54] .44 [.39, .49] .14 [.08, .20] .52 [.49, .56] .44 [.40, .48] .25 [.21, .30]
Note: For phenotypic correlations, the number of observations is given in parentheses; for intraclass correlations, 95% confidence intervals 
are shown. Pearson’s correlations were calculated using one randomly selected member of each twin pair. CHAOS = Confusion, Hubbub, and 
Order Scale (Matheny, Wachs, Ludwig, & Phillips, 1995).
aAll phenotypic correlations were significant (p < .001).
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Fig. 2. Cholesky decomposition showing the effects of genetic variance (A) in disruptive behavior on Confusion, Hubbub, and Order 
Scale (CHAOS; Matheny, Wachs, Ludwig, & Phillips, 1995) scores at age 12. Separate models are shown for the effects of (a) conduct and 
(b) hyperactivity-inattention (“Hyper”), with both analyses controlling for the genetic effects of CHAOS scores at age 9. A1 captures the total 
genetic variation in CHAOS scores at age 9; A2, A3, and A4 are the residual genetic variances in disruptive behavior at age 9, disruptive behavior 
at age 12, and CHAOS scores at age 12, respectively. Standardized (unsquared) path coefficients and 95% confidence intervals are shown.
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Fig. 3. Cholesky decomposition showing the effects of shared environmental (C) and nonshared environmental (E) variance in Confusion, 
Hubbub, and Order Scale (CHAOS; Matheny, Wachs, Ludwig, & Phillips, 1995) scores on disruptive behavior at age 12. Separate models are shown 
for the effects on conduct at age 12 (a, c) and on hyperactivity-inattention (“Hyper”) at age 12 (b, d). All analyses controlled for the corresponding 
disruptive behavior at age 9. C1 and E1 refer to the total environmental variance in disruptive behavior at age 9; C2, C3, and C4 and E2, E3, and E4 
refer to the residual environmental variance in CHAOS scores at age 9, CHAOS scores at age 12, and disruptive behavior at age 12, respectively. 
Standardized (unsquared) path coefficients and 95% confidence intervals are shown.
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What explains environmental influences on 
disruptive behavior problems?
Figure 3 shows the shared (C) and nonshared (E) environmen-
tal influences of CHAOS scores on disruptive behavior at age 
12, after accounting for the effects of disruptive behavior at 
age 9. Shared environmental factors accounted for 28% of the 
variation in conduct problems at age 12. Shared environmental 
influences on CHAOS scores at ages 9 and 12 explained 13% 
and 10% of this total variation, respectively. Results of the 
univariate scalar model showed that shared environmental 
influences on hyperactivity-inattention at age 12 were statisti-
cally nonsignificant. However, multivariate analyses—which 
benefitted from the additional information of covariances 
between traits—suggested a small shared environmental com-
ponent in hyperactivity-inattention at age 12 (about 5%), 
whose only significant contribution was from shared environ-
mental influences on hyperactivity-inattention at age 9.
Although unique environmental factors accounted for 22% 
of the variation in conduct problems at age 12 and 25% of the 
variation in hyperactivity-inattention, virtually none of this 
variation was explained by unique environmental influences 
on CHAOS scores at ages 9 or 12.
Sex-specific multivariate analyses suggested a nonsignifi-
cant difference between boys and girls in the shared environ-
mental link between CHAOS scores at age 9 and conduct 
problems at age 12. However, given that neither of these vari-
ables showed univariate sex differences, separating the sample 
by sex may have simply reduced power to detect environmen-
tal effects.
Discussion
Consistent with previous results using the TEDS sample, our 
analyses identified genetic and environmental influences 
on measures of household chaos, conduct problems, and 
hyperactivity-inattention at ages 9 and 12. The goal of our anal-
yses was to identify the developmental origins of those genetic 
and environmental influences. Specifically, we tested whether 
genetic influences on disruptive behaviors at age 9 explained 
genetic variation in CHAOS scores at age 12 and whether envi-
ronmental influences on CHAOS scores at age 9 explained 
environmental variation in disruptive behaviors at age 12.
We found that shared environmental influences on CHAOS 
scores at age 9 uniquely accounted for 13% of the shared envi-
ronmental variation in conduct problems at age 12, which sug-
gests that some of the cross-lagged effect of CHAOS scores on 
subsequent conduct problems was environmentally mediated. 
This finding suggests that encouraging parents to adopt stable 
routines and to minimize extraneous noise in the house could 
complement other techniques used in parent-training pro-
grams to prevent children’s disruptive behaviors, such as rein-
forcing children’s prosocial behaviors and reducing the use of 
harsh, coercive discipline.
Although genetic influences on disruptive behaviors were 
substantial, they accounted for little of the genetic variation in 
CHAOS scores at age 12. Although other researchers have 
identified similarly small contributions of disruptive behav-
iors to the heritability of the family environment (Burt et al., 
2005; Larsson et al., 2008), our findings could be due to how 
CHAOS scores were measured. The fact that CHAOS scores 
were measured for each twin in a pair generates two possibili-
ties for what it means for CHAOS scores to be heritable. One 
possibility is that genetic influences on CHAOS scores reflect 
genetically based individual differences among children (e.g., 
disruptive behavior problems) that elicit a chaotic environ-
ment. A second possibility is that genetic influences on 
CHAOS scores reflect genetically based differences in chil-
dren’s perceptions of the environment. If the latter possibility 
is correct, then the degree to which children differ in their 
reports of household chaos may have more to do with 
how attentive or sensitive they are to their surroundings—
characteristics that are not necessarily captured by children’s 
disruptive behaviors as well as they might be by a measure of 
stress reactivity, for example. In reality, genetic influences on 
CHAOS scores are likely to reflect both genetically based dif-
ferences in children’s behaviors as well as their perceptions.
Although the genetic cross-lagged analysis provides a direct 
estimate of the genetic and environmental influences on the 
cross-lagged paths—which was our goal—it does not allow for 
the simultaneous estimation of both cross-lagged paths in the 
same model (Luo et al., 2010). In contrast, the model developed 
by Burt et al. (2005) estimates a fully cross-lagged model of the 
relation among the phenotypes. Although the cross-lagged 
model reported by Burt et al. (2005) has the advantage of being 
economical (in that it models the bidirectional relation in a sin-
gle run), it does not directly decompose the stability (across 
time, within trait) and cross-lagged (across time, across trait) 
effects into ACE components. Estimates of the ACE effects 
transmitted along stable and cross-lagged paths are simply sca-
lar multiples of the ACE effects at the earlier time point, con-
strained to be in the ACE proportions at the earlier time point 
(Luo et al., 2010). Because we required direct estimates of 
genetic and environmental influences on the cross-lagged paths 
to answer our focal research questions, we opted to use the Cho-
lesky approach. A second limitation of our study was that the 
internal consistency of the CHAOS measures was only moder-
ate. However, parent and child reports of CHAOS were highly 
correlated, which provided additional validity for the measure.
In conclusion, although individual differences in reports of 
environmental confusion were partly genetic in origin, this 
genetic variance was not accounted for by the heritable com-
ponent of children’s disruptive behavior. In addition, the 
effects of environmental confusion on children’s disruptive 
behaviors were environmentally mediated. Noisy, crowded 
homes characterized by a lack of routines may undermine chil-
dren’s ability to regulate emotions and behavior and may pro-
vide children with opportunities to act out.
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